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In a study of the sequence divergence in the mi-
tochondrial cytochrome-& gene, Wright et al. (1999)
suggested that the species Carollia brevicauda as rec-
ognized currently may consist of two biological spe-
cies primarily because C. brevicauda was paraphyletic
relative to C. perspiciflata. Because of the sample size
of the proposed new species (N=1) as compared to C.
brevicauda (sensu stricto) (N=3) and the geographic
areas represented in the Wright et al, (1999) study, it
was impossible to estimate the linuts of geographic
distribution as well as the range of genetic variation
within and ameng populations and clades. From a
taxonomic standpoint, it was necessary to establish
the geographic limits of each clade and relate them to
available species-level names. Here we further exam-
ine the biogeography of the two clades that Wright et
al. (1999) suggested might represent biclogical spe-
cies.

To do this we sequenced 1140 base pairs of the
mitechondrial cytochrome-b gene from 21 additional
mdividuals of the C. brevicauda complex representing
as many geographic localities as were available to us
for DNA samples. Additionally, we sequenced the
cytochrome-b gene from 30 specimens of the other
recognized species of Carollia. The new sequences
were combined with the 10 reported by Wright et al.
(1999) to generate a phylogenetic tree, which provides
additional information concerning the extent of geo-
graphic variation within members of the genus
Carollia. The new data are consistent with the pro-
posal that a major subdivision exists in what currently
is recognized as Carollia brevicauda (Fig. 1). Three
methods (neighboer-joining, parsimeny and likelihood,
as implemented by PAUP*, Swofford, 1999) all pro-
duce a tree with the same topology as shown in figure
2. The results and implications of these additional data
beyond the reselution of the possibility of two biologi-
cal species within the Carollia brevicauda complex
will be published elsewhere. Based on the cytochrome-

b data, the South American clade of C. brevicauda
shares a common ancestor with Carellia perspicillata
after diverging from the Central American representa-
tives of Carollia brevicauda. One clade of C. brevicauda
(sensu lato) is restricted to Central America, north of
Panama, and includes Western Panama. The other clade
of C. brevicauda is distributed from Eastern Panama
to Bolivia (Fig. 1).

The potential application of the sequence data
from the cytochrome-& gene to predicting situations
where unrecognized biological species might exist was
reviewed by Bradley and Baker (2001) and the con-
clusion that C. brevicauda comprises two biological
species is supported by both distance values, and the
observation that samples from C. brevicauda (sensu
laro) do not form a monophyletic clade (genetic spe-
cies concept, Dobzhansky, 1950; phylogenetic spe-
cies concept, Cracraft, 1983). In fact, C. brevicauda
(sensu siricio) is sister to C. perspicillata, whereas the
Central American portion of C. brevicauda (sensu lato)
is sister to the common ancestor of C. perspicillata
and C. brevicauda (sensu stricto).

This resolution of the geographic distribution of
the two clades permits assignment of the species level
names that have been recognized as available for
Carollia brevicauda (sensu lato). The type locality of
brevicauda is Rio do Espirito Santo, Brazil. The four
synonyms that are available (Koopman, 1993) are bi-
color (Wagner, 1840), type locality Brazil; grayi
(Waterhouse, 1838), type locality Pemambuco, Bra-
zil; lanceolatum (Gray, 1843), type locality South
America; and minor (Gray, 1866), type locality Bahia,
Brazil. However, according to Pine (1972) the name
lanceolatum is a nomen nudum, There is no name avail-
able for representatives of the clade of C. brevicauda
(sensu lato) from Central America. Below we describe
a new taxon to fill this need.
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Figure 1. Geographic distribution of Carollia brevicauda sensu Koopman (1993). Triangles and dots correspond
to collecting localities of individuals for which we have cytochrome-b sequence that relate to the two clades
defined by Wright et al. (1999).
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Figure 2. Parsimony tree depicting phylogenetic relationships among the spe-
cies of Carollia.
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Carollia sowelli, New Species

Holotype— Adult male, skin, skull and skeleton,
Museum of Texas Tech, TTU 82495 from Honduras,
Comayagua, Cueva de Taulabe,(14°41°42”N,
87°57°07°W), (UTM zone 16:397511 E 1624803 N),
collected on 11 July, 2001, by a Texas Tech field party
on the Sowell Expedition 2001 led by Robert D. Brad-
ley. Criginal number, Ronald A. Van Den Bussche 1869,
TK number 101341 identifies tissue samples and
karyotype preparations that are deposited in the Natu-
ral Science Research Laboratory, Texas Tech Univer-
sity.

Distribution.— From Western Panama, north
through Middle America to the states of Veracruz and
San Luis Potosi in Mexico on the Atlantic versant and
to the state of Qaxaca on the Pacific versant (Fig. 3).

Diagnosis— The initial diagnosis is based on
nucleotide order in the mitochondrial cytochrome-4
gene. These sequences are deposited in GenBank
(pending) along with the sequences of C. brevicauda
(sensu stricto). The differences between these two

involve nucleotide characters at positions in the cyto-
chrome-b gene (Table 1). Asummary of pairwise com-
parisons within and between C. sowelli, C. brevicauda
and C. perspicillata can be found in Table 2.

Morphologically, C. sowelli can be distinguished
from C. perspicillata, C. subrufa and C. castanea by
the same morphological suite of characters used to
distinguish C. brevicauda. These include a pelage that
is long and thick with the size of the shafts of the
individual hairs being fine; forearm hairy, hair on nape
of neck with broad, dark band contrasting strongly
with and demarcated from a broad whitish band distal
to it (Hall, 1981).

This is a large species of Carollia, slightly larger
than brevicauda bat smaller than perspicillata, with
long and lax dorsal fur. Fur on back tricolor, almost
like brevicauda, but sowelli lacks the dark brown tips
that would make conspicuous its medial light band.
Consequently, the appearance is lighter than brevicauda.
Forearm haired but not furred. Forearm, tibia, and
feet almost the same length as those of brevicauda,
but smaller than those of perspicillata.
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Figure 3. Geographic distribution of Carollia sowelli. Dots indicate sample localities for which cytochrome-b
sequence data are available. Type locality is identified by an asterisk.
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Table 1. List of fixed changes in the mitochondrial
cytochrome-b gene among Carollia sowelli,
(&1 brevicauda and (& perspicillata.
A = adenine, C = cytosine, G = Guanine, and
T = Thymine.

Position C. brevicauda C. perspicillata C. sowelli
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Skull larger than brevicauda especially in its total
length; but also with a longer palate, longer maxillary
and mandibular toothrow, mandibular length, and coro-
noid height (Table 3). There is a gap between the
upper premolars, but the space 1s highly variable. It is
because the posterior edge of the anterior premolar
(PM3), which is almost straight, and the anterior pro-
jection of the cingulum of the posterior premolar
(PM4), which is not well developed but, always present
(Fig. 4). Basisphenoidal pits are elongated. Supraor-
bital processes are well-developed, and the interorbital
{(postorbital) breadth 1s conspicuously narrower. The
posterior palate is long and wide and not as slender as
in perspicillata. Lateral projection of the mastoid pro-
cess is evident on the external side of the skull, form-
ing a low crest that connects with the lambdoidal crest.

The anterior projection of this process 1s low, and fused
to the side of the skull just behind the middle ear.

Selected measurements. — External measurements
(in mullimeters) recorded in the field by Ronald A, Van
Den Bussche are: total length — 66; tail length — 6;
hind foot — 10; ear — 20; tragus — 10. Weight was 16.5
grams. Length of forearm on the dried specimen is
41.8. Cranial measurements (in millimeters) of the
holotype (Fig. 4) are as follows: Greatest length of
skull — 23.1; condylobasal length — 21.2; breadth of
brain case — 9.1; depth of bram case — 9.0; mastoid
breadth — 11.5; length of mandibular toothrow — 8.5;
length of maxillary toothrow — 7.4; post-orbital breadth—
5.6; width across upper canines — 5.6; length of man-
dible — 14.6 (see also Table 3).

Karyological Data.— The karyotype of the holo-
type is indistinguishable from that reported by Patton
and Gardner (1971) for C. brevicauda. The diploid
number is 21 and the fundamental number is 36. The
X is a subtelocentric and the 2 Y's are acrocentric.

Lower jaw and the lower toothrows are bowed,
but not to the same extent as seen in brevicauda. Base
and cingulum of lower canines conceal 1n part the ex-
ternal lower incisors. The middle lower incisors are
enlarged, and bigger than the external ones, but not as
much as those of perspicillata. Little or no space
between the premolars although some variation is
present. As seen in other species of Carollia, there is
some evidence of sexual dimorphism, with develop-
ment of processes and crests more conspicuous in
the males.

A full comparison of Carollic sowelli, with its
congeners is beyond the scope of this description.
There is a previously recognized wide range of mor-
phological (Pine, 1972; Owen et al., 1984; Lim and
Engstrom, 1998) and morphometric (McLellan, 1984,
Owen et al., 1984) variation between and within spe-
cies of Carollia. McLellan (1984) provides a refer-
ence for the scale of the morphometric variation in
terms of the geographic range of the species, even
recognizing the existence of a large difference between
populations of the northern range (our new species,
see above) and the southern range (C. brevicauda as
here restricted) of her concept of C. brevicauda.



CASIONAL Papers, MUSEUM OF TExas TEcH UNIVERSITY

"

Oc

TEHIIN M

I

aeydl

INAQ

Sumel( “1j1amos pifjodn) 3o ($6178 N.LL) 2dK1010y oy j0 mel 19/0] PUe [[MS 371 JO SMIIA [eJ21e] PUB [BIU3A TeSIO ¥ a3




BAKER ET AL— A NEW SPECIES OF CAROLLIA

Table 2. Average genetic distance (uncorrected) between and within samples
of Carollia sowelli, C. brevicauda and C. perspicillata.

C. brevicauda

C. perspicillata

C. sowelli

C. brevicauda
C. perspicillata
C. sowelli

198 £0.11%
3.67£0.02%
495+0.03%

1.46+£0.05%
479+0.02%

1.58+0.17%

Table 3. Measurements of Carollia sowelli new species (n=15) and C. brevicauda
(n=10). For each measurement, the average plus/minus one standard deviation is
shown. Differences are significant (P < 0.05) in the variables marked with *.

brevicauda sowelli
Braincase breadth (BRB) 9.570 £ 0.190 9.595+0.177
Coronoid height (CH)* 4.821+£0.175 5.005 +0.240
Greater skull length (GSL)* 21.711 £ 0.465 22.095 £ 0.360
Least interorbital breadth (LIB) 5.492+£0.131 5.465 £ 0.150
Breadth of upper M2 (M2M2) 7.548 £ 0.248 7.482 +£0.238
Mandibular length (MDL)* 13.973 £ 0.503 14.498 = (0.470
Mastoid breadth (MST) 10.797 £ 0.295 10.980 + 0.300
Maxillar toothrow (MTR)* 6.934+0.195 TA31£0.113
Mandibular toothrow {MDTR)* 7.508 £0.265 7.788 + 0.165
Palate length (PL)* 9.036 +0.326 9.495 £ 0.220
Rostral breadth (RB) 4.817+0.211 4,787 +£0.169
Supraorbital breadth (SOB) 6.340 = 0.225 6.362 £ 0.231

Intraspecific Genetic Variation in the
Cytochrome-b gene within Carollia sowelli

We have sequenced 14 individuals from Middle
America that are referable to C. sowelli, and the cyto-
chrome-# variation is partitioned into 2 lineages that
are quite distinct. The average distance values that sepa-
rate those clades are 3.6%. Perhaps the most striking
aspect of these data is the nature of the changes rela-
tive to the codon positions when compared to the dif-
ferences that distinguish C. sowelli from C. brevicauda.
Of the 19 fixed changes between C. sowelli and C.
brevicauda (Table 1) all are in 3™ codon positions, in-
volving 17 transitions and 2 transversions and no fixed
amino acid replacements, Within C. sowelli, (Table 4)
the 2 clades are distinguished by 23 fixed differences,
which involve 8 fixed changes in 1* codon positions,
1 in the 2™ codon position, and 14 in 3™ codon posi-

tions. These fixed differences include 22 transitions
and 1 transversion, and involve 4 amino acid replace-
ments. In each of these amino acid changes one clade
of C. sowelli is unique from C. brevicauda, whereas
the other shares the aminc acid condition in C.
brevicauda. In all 4 examples the unique condition is
present in the specimens from western Panama and
Costa Rica.

The application of genetic data to taxonomic rec-
ognition is a relatively unexplored field, but the general
ideas have been presented philosophically (Avise and
Walker, 1999; Bradley and Baker, 2001; Cracraft 1983,
Templeton, 1989, 2001). Clearly the magnitude of dif-
ferences that separate the C. sowelli clades typically is
present in other species of mammals that have been
recognized on a morphological basis (Bradley and Baker,
2001). Indeed, C. sowelli may be a composite species
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Table 4. Fixed changes in the cytochrome-b between the
2 lineages of C. sowelll. A = adenine, C = cylosine,
G = Guanine, and T = Thymine.

Position Northwest Southeast

27
84
117
180
264
291
304
444
459
489
573
609
672
685
638
721
795
846
836
1066
1069
1078
1106

Hd4 000000 109003030
oo-o=d-Ho0ao-a0=00390990» 02
53

or altematively, may be comprised of two subspecies.
While all these are intriguing possibilities, the best so-
lution to these questions must await resolution from
other forms of data (morphology, nuclear genes, etc.).

Etymology — It is our pleasure to name this spe-
cies in honor of Mr. James E. Sowell, who has been a
major benefactor to Texas Tech University. Mr. Sowell
has funded the Sowell Expeditions, which have tre-
mendously benefited the Natural Science Research
Laboratory’s research collections and provided an op-
portunity for many Tech students to experience the
natural history and ecology of the tropics.
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List of Specimens Examined

Specimens examined and their geographic locali-
ties are given below: TK numbers correspond to
samples from the frozen tissue collection at the Natu-
ral Science Research Laboratory from Texas Tech Uni-
versity, Lubbock, Texas; MVZ numbers correspond
to samples from the Museum of Vertebrate Zoology,
Berkeley, California; NK to the Museum of Southwest-
ern Biology (Albuquerque), FMNH and MDE num-
bers correspond to samples from the Field Museum
of Natural History, Chicago, [llinois. Voucher number
are given in parentheses.

Carollia brevicauda.— BOLIVIA: Santa Cruz,
Buen Retiro NK 12171 (MSB 55142); Santa Cruz NK
15417 (MSB 59775); ECUADOR: Esmeraldas, San
Lorenzo TK 104530 (TTU 85302); Napo, Parque
Nacional Yasuni FMNH 37060; GUYANA: North West
District, Baramita TK 86302; PANAMA: Panama,
Parque Nacional Altos de Campana FMNH 38117;
PERU: Loreto, Aguas Negras TK 46009, TK 46010;
Cuzco, La Convencion TK 70412; SURINAME:
Saramacca, Raleigh Falls TK 10218 (CMNH 63727);
VENEZUELA: Barinas, Barinitas TK 19316 (CMNH
78409); Bolivar, El Palmar TK 19273 (CMNH 78400).

Carollia castanea.— BOLIVIA: Beni, Yucumo NK
25385 (MSB 68356); Cochabama, Villa Tunaria NK
30033 (MSB 70298); Sajta NK 30150 (MSB 70297},
COSTARICA: Limon, Estacion Biologica Cano Palma
FMNH 44029; Tortuga Lodge FMNH 44016; ECUA-
DOR: Esmeraldas, San Lorenzo TK 104506 (TTU
85278); TK 104508 (TTU 85280), TK 104681 (TTU
85453); Napo, Parque Nacional Yasuni FMNH 37061,
FMNH 37065; HONDURAS: Comayagua, Cueva de
Taulabe TK 101378 (TTU 84037); Atlantida, Lancetilla
TK 101462 (TTU 84121); PANAMA: Chiriqui, Ojo de
Agua FMNH 38156; Darien, Parque Nacional Darien
FMNH 38195,

Carollia perspicillata— BRAZIL: Minas Gerais,
Municipio de Caratinga MVZ 185533; Pernambuco,
Municipio Tamandare MVZ 185518; Rio Grande do
Norte, Municipio Baia Formosa MVZ 185806; Sergipe,
Municipio Santo Amaro Das Brotas MVZ 185813; EC-
UADOR: Esmeraldas, San Lorenzo TK 104613 (TTU
§5385), TK 104631 (TTU 85403); Napo, Parque
Nacional Yasuni FMNH 37084, FMNH 37107; GUA-
TEMALA: El Peten, Poptun FMNH 31809; GUYANA:
Berbice District, Dubulay Ranch TK 86671, TK 86691;
North West District, Baramita TK 86503; MEXICO:
Campeche, Escarcega FMNH 33206; Chiapas, Agua
Azul NK 8644 (MSB 55645), NK 8645 (MSB 55643);
Quintana Roo, Laguna Noh-Bec FMNH 30973; Tulum
MDE 6004; PERU: Cuzco, La Convencion TK 70435;
SURINAME: Nickerie, Kabalebo TK 17466 (CMNH
68804); VENEZUELA: Barinas, Barinitas TK 19315
(CMNH 78397).

Carollia sowelli — COSTA RICA: Limon, Estacion
Biologica Cano Palma FMNH 44027; Tortuga Lodge
FMNH 44017; GUATEMALA: El Peten, Poptun FMNH
31769; Poptun FMNH 31805, FMNH 31824; HON-
DURAS: Francisco Morazan, Parque Nacional La Tigra
TK 101005 (TTU 83668), TK 101010 (TTU 82496),
TK 101013 (TTU 82497); Comayagua, Cueva de
Taulabe TK 101341 (TTU 82495), TK 101377 (TTU
82498); MEXICO: Chiapas, Agua Azul NK 8641 (MSB
55644); Quintana Roo, Laguna Noh-Bec FMNH 30976;
Tabasce, Jonuta FMNH 30002; PANAMA: Chiriqui,
Qjo de Agua FMNH 38140.

Carollia subrufa.— EL SALVADOR: Auachapan,
ElRefugio TK 15818; MEXICO: Jalisco, Chamela TK
19550 (TTU 37719), TK 19551 (TTU 37720).

Loan of Tissues

Tissue loans were generously provided by C.
Cicero and J. Patton from the Museum of Vertebrate
Zoology (Berkeley), C. Parmenter, J. Salazar and T.
Yates from the Museum of Southwestern Biology (Al-

buquerque), M. Engstrom and B. Lim from the Royal
Ontario Museum (Ontario), and R. Monk from the
Natural Science Research Laboratory at Texas Tech
University.
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